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from charcoal broiling was the smoke generated when pyrolyzed fat
dripped from the meat onto the hot coals.  Thus, meats with the highest
fat content acquired the highest levels of these chemicals (Lijinsky
and Ross, 1967). When meat was cooked in a manner that prevented expo-
sure to the smoke generated by the dripping fat, this source of contam-
ination was either reduced or eliminated (Lijinsky and Ross, 1967;
Lintas e£ suL., 1979; Masuda et_ aJU , 1966).
PAH's have also been found in a variety of smoked foods and in
roasted coffee (Howard and Fazio, 1980). Vegetables can easily become
contaminated by PAH's from air, soil, or water; fish and shellfish can
assimilate such chemicals from their marine environments (Howard and
Fazio, 1980).  However, unless vegetables or seafood are obtained from
highly contaminated environments, the major source of PAH will probably
be the smoking or cooking of food.
Mutagens from PyrolyzedProteins and Amino Acids
During the past few years, it has become clear that PAH's account
for only a small fraction of the mutagenic (and, therefore, potentially
carcinogenic) activity that occurs in foods during cooking. Nagao et
al. (1977a) used dimethylsulfoxide to prepare extracts of the charred
surfaces of broiled fish and meat. They found that the mutagenic acti-
vities of these extracts for hlstidine-requlring strains of S^ typhi-
murium were hundreds or thousands of times greater than could be
accounted for by the reported benzofajpyrene contents of these cooked
foods. For example, the mutagenic activity of charcoal-broiled beef-
steak was the equivalent to that of approximately 4,500 us of benzo[aj-
pyrene per kilogram of steak, even though Lijinsky and Shubik (1964)
had reported that charcoal-broiled steak contained no more than
8 ]jg of this chemical per kilogram.
The mutagenic activity In the broiled fish and beef could also be
detected in S. typhimurium strain TA98, Implying that the agent could
induce frameshlft mutations (Nagao et al., 1977a; Sugimura et al.,
1977). Positive results In these assays depended on the presence of
an in v^tr° metabolic activation system utilizing the postmitochon-
drial supernatant from homogenized livers of rats pretreated with
polychlorinated blphenyls.  Bjeldanes ejt £l. (in press, a, b) have re-
cently completed a series of detailed studies on the cooking condi-
tions under which mutagenic activity is produced in various types of
fish, meats (including organ meats), as well as eggs, milk, cheese,
and tofu.
To determine what constituent or constituents of fish and meat
contribute to the mutagenic activity produced by cooking, studies have
been conducted to examine the mutagenicity of smoke condensates from
various substances. Smoke obtained from pyrolyzed proteins, such as
lysozyme and his tone, was found to be highly mutagenic to S^. typhi-
murium, whereas smoke condensates from pyrolyzed DNA, RNA, starch, or
vegetable oil were only slightly mutagenic (Nagao et^ al., 1977b).

